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By Lawence A .  Clousing and W i l l i a m  f J .  Turner 

SUMEp%X?Y 

F l ight  measurements were made of the presswes  on the horizontal  
t a i l  surfaces of a typ ica l  propellei+ririven pursui t  a i rplane during 
s t a l l e d  pull-outs a t  high Mach nm3er. The r e s u l t s  indicated t h a t  
the load d i s t r ibu t ion  during the pull-outs w a s  cons: derably d i f f e ren t  
from t h a t  prescribed by ai:*-load raquirements a t  the t i m e  the air- 
plane was designed, and t h a t  large fail-load increments were caused 
by buffet ing air  flow over the ta i l  as the  wing s t a r t e d  t o  a t a l l .  

Data are included which were taken i n  a pull-out made withoirt 
exceeding the design maneuvering litn2ts of the airplane,  but i n  which, 
due t o  compressibility and buffeting e f f e c t s  not considered i n  deslgn 
criteria,  a r e l a t ive ly  mvere failure of the horizontal-.taj 1 s t rmt i i r z  
occurred. 

INTRODUCTION 

While it i s  known t h a t  the  magnitude and d i s t r ibu t ion  of the air 
load experienced by an airplane operating a t  high Mach numbers v<wy 
considerably from t h a t  predicted by the extrapolat ion of data 
obtained at  low speeds, a complete understanding of the subject i s  
handicapped by a lack of experiment.al data.  
understanding of the !henomenon, the kmes Aeronautical Laboratcry 
i s  conducting an extensive invest igat ion of the magnitud.e and d i s t r i -  
but ion of the  air loads ac t ing  on the l i f t i n g  surfaces of a high- 
speed fighter-type airplane.  

To afford a b e t t e r  

The q e c i f i c  invest igat ion reported herein provides information 
on the air loads imposed on the horizontal  t a i l  surfaces of a typ ica l  
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propeller-driven pursui t  a i rplane during severa l  dive pull-outs 
made w i t h i n  the design maneuvering l i m i t s  of the airplane and i n  
which the airplane was s t a l l e d  a t  r e l a t l v e l y  high Mach numbers, 
t o  various degrees of buffeting Sntensity.  
a p a r t  of the extensive invest igat ion mentioned above. 

This inves t iga t ion  forms 

DESCRIPTION OF THE TEST AIRPLANE 

The airplane used i n  the t e s t s  i s  a single-place, low-wing, 
cant i lever  monoplane. 
(take-off r a t ing )  V-1710-85 liquid-cooled engine. Figure 1 i s  a 
photograph of the airplane a s  instrumented f o r  the f l i g h t  t e s t s .  
Figure 2 is a general  arrangement drawing of the aj.rpla,ne. 
specif icat ions of the  ai rplane a re  as follows: 

It i s  powered by a 1200-brake horsepower 

General 

Airplaiie, general 

Span . . . . . . . . . . . . . . . . . . . . . . . . .  -34.0 f t  

Length . . . . . . . . . . . . . . . . . . . . . . .  30.167 f t  

Weight 

Gross (normal and approximately as flown) . . . . . .  7629 l b  

Center-of-gravity pos i t ion  

(For normal gross weight and approximately as 
flown). . . . . . . . . . . . . . . . . . . . .  .0.285 M.A.C. 

Wing 

Ai r fo l l  section, root  . . . . . . . . . . . . . . . .  NACA 0015 

Ai r fo i l  section, t i p  . . . . . . . . . . . . . . .  .NACA 23009 

Area t o t a l ,  including a i l e rons  and sec t ion  projected 
through the fuselage . . . . . . . . . . . . .  213.22 sq f t  

Angle of incidence ( r e l a t ive  t o  the a i rp lane  longi tudinal  
axis 2.00 . . . . . . . . . . . . . . . . . . . . . . .  

Horizontal t a i l  

Span . . . . . . . . . . . . . . . . . . . . . . . .  l 3 . 0 0 f t  
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Area . . . . . . . . . . . . . . . . . . . . . . .  40.99 sq f t  

A i r f o i l  sect ion . . . . . . . . .  Symmetrical, average 
thickness about 8 percent 

S t a b i l i z e r  s e t t i n g  ( r e l a t ive  t o  the  airplane 
longi tudinal  axis) . . . . . . . . . . . . . . . . .  2 . 2 5 O  

Elevator area (including 4.3 sq f t  of modified 
Handley-Page 'oalanco ) 16.89 sq ft 

Tab (piano-hinged f l a p )  

s p a  . . . . . . . . . . . . . . . . . . . . . . .  .2.25 f t  

Area . . . . . . . . . . . . . . . . . . . . . . .  0.86 SQ f t  

Nominal def lec t ion  . . . . . . . . . . . . . . . . . .  i15' 
The horizontal  t a i l  i s  of conventional construction, with metal- 

covered alumin&lloy s t a b i l i z e r  and f abr ic -c  overed aluminum-alloy 
e leva tor .  
of the  l e f t  e levator .  
had been reinforced f o r  the t e s t s .  "he pr inc ipa l  fea tures  of t h i s  
re inforc ing  consisted of r ive t ing  a 42-13/16 by 0.057-inch 24ST 
Alclad aluminum-alloy re2nforcine p l a t e  cen t r a l ly  t o  the r e a r  face 
of the s t a b i l i z e r  r e a r  Scam (l ightening holes same place and s i ze  as 
i n  r e a r  beam), and of removing and replacing the r i v e t s  i n  the 
f i t t i n g s  supporting the ou te r  e levator  hinge brackets with AN3-6A bo l t s .  

An i n s e r t  t r i m  tab is f i t t e d  a t  the inboard t r a i l i n g  edge 
"he hoyizontal t a i l  surfaces on t h i s  a i rplane 

Extra r i b s  were put ' in the elevators  t o  permit r i g i d  i n s t a l l a t i o n  
of pressure DGasUing o r i f i c e s  a t  the desired s ta t ions .  
wore of 0.032 S O  aluminum, 2 inches wido, with a l / L i n c h  flange 
bent a t  right angles t o  each side.  

These r i b s  

INSTRUMENTATION 

Standard NACA instruments were used t o  record photographically, 
as a func t ion  of t i m e ,  quantities from whlch the following var iab les  
could be obtained: 
accelGration; engine manifold pressure ; engine rpm; approximate angle 
Of a t t a c k  of the th rus t  l i ne ;  landing-gear posit ion; a i leron,  e levator ,  

indicated airspeed; pressure a l t i t u d e ;  normal 
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and rudder posi t ion;  a j  leron and e leva tor  forces,  ro l l i ng ,  yawing, 
and pitching velocjLty; and r e su l t an t  pressure d i s t r ibu t ion  over 
por t ions  of the l e f t  and r i g h t  horizontal  t a i l  surfaces.  

Free--air temperature w a s  determined from an ind ica tor  connected 
t o  a resis tance bulb protruding below the r i g h t  wing panel. 
i n s t a l l a t i o n  w a s  ca l ibra ted  f o r  error due t o  the temyerature r i s e  
caused by compresslon of the a i r  at the res i s tance  bulb. 
ture readj-ngs were taken i n  slow ascending or descending f l i g h t  t o  
minimize lag  e r r o r s  of the instrument. 

The 

The tempera- 

A free--swiveling airspeed head was mounted on the end of a boom 
extending about 4 f e e t  ahead of the leading edge of the  right wing 
and located a t  a sTanwise s t a t i o n  about 7 f e e t  inboard of the  wing 
t i p .  !?he airspeed liead consisted of  two separete static-pi-asswe 
tubes ( f o r  seps-ate c o m s c t i m s  t o  the airspeed recorder and a l t i t u d e  
recorder) with a slngle  total-pressu;-e tube located be tween them. 
airspzed and al t i ’ tuds recorders w e I e  mounted i n  the r i g h t  wing a t  
tha bese of the boom, t h u s  &.n;.mizlng l a g  erroi-s due t o  press’rre 
change i n  the txbes under cortditions of rap ld ly  chan.&.ng a l t i t u d s .  
Tho recording and service s ta t ic  heads were cali.brat;ed f o r  pos i t ion  
c r ro r  by ccm2arkg thc readings of the respective e l t imeters  with 
t i e  knovn pressure altS.tude, as the airplane was flown a t  several  
speeds p a s t  a reference hsight .  
pressure w a s  nsa,3ured comet t l y .  
m p o r t ,  was coqmte& accoydiug t o  the formula by which standard 
airspeed meters a re  graduated. 
sea-level con&itlons.)  

The 

It was assumed t h a t  thg t o t a l  
Indicated afrspeed, a3 used i n  t h i s  

(Gives t rue  airspeed a t  standard 
The formula may be. wr i t ten  as follows: 

c 

where 

V i  

H free-stream t o t a l  pressure 

p frea-stream s t a t i c  pressure 

car rec t  indicatsd airspeed, miles per hour 

po standard atmospheric pressure a t  s3a l e v e l  

. 
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The horizontal  tai l  aurf'aces of the test airplane were equipped 

The top  and bottom o r i f i c e s  a t  each 
with pressure o r i f i ce s ,  on both the top and bd tom eurface8, a t  the  
s t a t i o n s  indicated by figuz-9 3. 
s t a t i o n  were interconnected i n  such a manner that the r e s u l t a n t  
pressure at  the s t a t i o n  was recarded r a the r  than ind iv idua l  pressures 
at  the top and bottom or i f ices .  As the tests reported herein w8re 
inc identa l  t o  other  tests being conducted concurrently with the ai- 
plane, only those o r i f i c e s  a t  the s ta t ions  indicated by a cross  an 
figure 3 were connected to the  recordingmanmeter during these t e s t a .  
The recording mom3ter, a mult iple-cel l  pressure recorder, was 
mounted i n  the rear sec t ion  of the p i l o t ' s  canopy and was connected 
t o  the pressure o r i f i c e s  i n  the a tab i l i ze r  and t o  tubes leading from 
the  e leva tor  by O.l>-inch-inside-diameter aluminum tubing and shor t  
lengths  of 0.17-inch-inside-dia&a- rubber tubing. Because of lack  
of space, 0.09-inch-inside-4iater rubber tubing was used inside the 
elevator .  The pressure lag cha rac t e r i s t i c s  of the pressure recording 
installatian were aeesured i n  t e s t s  on the ground, and the t e s t  results 
indicated that the pressure lag in  the system was smal l .  

!The angle of a t t ack  of the thrus t  line was masured by a vane 
mounted on the forward end of a boom which was located at a spanwise 
s t a t i o n  7 f e e t  inboard f rom the l e f t  w i n g  t i p  and which extended 
4 f e e t  ahead of t h e  wing leading edge. 
msasured by t h i s  vans, and as presented in t h i s  report ,  has not  ?wen 
corrected for pos i t ion  e r ror .  

The angle of e t t a c k  as 

TEST DATA AND ANALYSIS 

W'data f o r  four power-off dive pul l -outs  made i n  the 20,000- 
t o  2~'000-foot a l t i t u d e  range are shown i n  f igu res  4 t o  15. 
p td l -out  is presented i n  tk-ee basic figures. 
f o r  each dive pul l -out  is a time his tory of the data  neaaured 
i n  the run i n  which pa r t  (a) presents general variables ,  p a r t  
(b) presents tail pressures, and part (c )  
p r i n t s  of so3318 of the  records showing the r e l a t i v e  amount of airplane 
and control-surface buffeting during the run. 
appearing on some of the printB in the buf fe t ing  region were ecratched 
on the  film manually in  order t o  allow easier reading of the records.)  
The second f igure  fo r  each dive pull-out,  which is divided i n t o  
p a r t s  (a), (b),  e t c . ,  presents several  representat ive plot8 of the 
chordwise load d is t r Jbut ion  on the ta i l  at various tinaes during the 
maneuver. 
based on the  t o t a l  length of tho loca l  chord ( s t a b i l i z e r  plus  e leva tor ) .  
The t h i r d  figure f o r  each pull-out is a ti- h i s to ry  of the  unit 

Each 
The first figure 

presents  photographic 

(The sharp l i n e s  

The sect ion l i f t  coef f ic ien ts  shown on this figure are a l l  
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spanwise loading a t  the 6&yercent-.span yoint,  derived from integra-.  
t i o n  of a nmbar  of the curves of the type shown i n  the second 
f i g w e ,  many of which a re  not presented i n  the repor t .  
f o r  each pull-out w i l l  be discussed i n  turn.  

The f igures  

In  f igures  4, 5 ,  and 6 it i s  seen t h a t  the  airplane w a s  pulled 
i n  u n t i l  a mild stall  occurred a t  
0.68 and a Mach number of 0.68. 
reached w a s  5.3 a t  an  angle of a t t ack  of the thrilst l i n e  (uncorrected) 
of 8.5'. Suffct ing w a s  
przsent, apparently, as may bs seen from figure 4 (b),  t o  a @eater  
exzent on the l e f t  t a i l  than on tho r i g h t .  
pressure,  mounting t o  changes of 230 t o  300 pounds per square foot ,  
occurred a t  the leading edge of the sta'uillzcr b r i n g  the stall .  
(Any inaccurrcy dxc t o  l eg  In the pressme lines w i l l  tand t o  make 
tho rocordcd load chmigos too low.) Cur' -ng  the m i n  p a r t  of this 
pull-out, as may B e  seen from f igur j  5 ,  the  load w a s  upward on the 
st?.bili zer and downward on the elevator .  Tho maximum recorded 
pressures and unit span loads for th; pidl--out shown i n  f igu res  4, 5, 
and 6 are l i s t a d  i n  the following taUe: 

airplane lift coe f f i c i en t  of 
The m a x l m u n  acce le ra t ion  fac tor  

The maximum elevator  angle usad w a s  70 up. 

Rapid f luc tua t ions  of 

I surf ace , pressure span load 
I I 1 ( lb / sq  f t )  1 ( l b / f t )  I 

! 1 Right s t a b l l i z e r  1 440 up I 205 up 1 
! I 
i Lef t  s t a b i l i z e r  ; 600 up 
I-- --+-------+- 

1 8 -- 

I 
--I- 

t 

I I I 

1 L e f t  e levator  , 180 down 105 down J 

A t  other spanwise s ta t ions ,  of courso, the pressures 2nd loads 
would differ  somewhct from t.hose given above. 

I n  f igu res  7, 8, and 9 it i s  saen t h a t  the rtirplane w a s  pulled 
i n  u n t i l  a modoratGly v io len t  s t a l l  occurred a t  a Much number of a3out 
0.72. 
metsr did not  function on t h i s  f l i g h t .  

The lift coeff ic ient  could not bc dctonnined as tho a c c e l e r s  
The maximum angle of a t t ack  

. 
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reached w a s  14O. 
w a s  present 
r i g h t  t a i l .  
per square foo t  occurred a t  the leading edge of the s t a b i l i z e r  d l r ing  
the  buffet ing.  The maximum recorded pressures and unit span loads I n  
t'nis run are l i s t e d  i n  the following tab le :  

The maximum e leva to r  angle WRS 10' up. Buffeting 
again t o  a grea te r  extent on the l e f t  t a i l  than on the  
Ra3id f l x t u a t i o n s  of pressure of w e l l  over 300 pounds 

T a i l  
aurfacc pressure span load 

I 
i 

( lb / sq  f t )  i ( l b / f t )  

255 UP 

s t a b i l i z e r  1 520 ;zp 1 275 up 
-.-- 

-- 
Right e l e  va t  o r  210 down 140 down 

Lef t  e leva tor  230 down 135 dGWn I 
1 - 

I n  f igu res  10, 11, and 1 2  it is seen t h a t  the  airplant3 was p7dlod  

The m i m u m  acce lera t ion  f a c t o r  reeched wzs 
i n  until a v io len t  s t a l l  occurred a t  a l i f t  coe f f i c i en t  of aboQt 0.90 
anda  Mitchnumber of 0.61. 
about 6.2 a t  an =@e of a t tack  of 17'. 
used waa 6.5O up. 
on the  l e f t  t a i l  than on the r igh t  t a i l .  
pressure of 200 t o  300 pounds per square f o o t  occurred a t  the leading 
edge of the s t a b i l i z e r  during the buffoting. Tne maximum recorded 
pressures and uni t  span loads i n  t h i s  run arc l i s t e d  i n  the follow3.ng 
t a b l e  : 

The m x i m m  e leva tor  a n g l o  
Buffeting w a s  present, again t o  a w e a t o r  e x t e a t  

Rapid f luc tua t ions  of 

I 
! Tai 1 re  c orde d 
I 

215 up 

surface 

I Righ t  s t a b i l i z e r  310 up 

j Lef t  s t a b i l i z e r  ' 500 up 

Right elevahtor 

Left e levator  I 180 down go dosm I 
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I n  f igures  1 3 ,  14, and 15 it is seen t h a t  ti?e arirplane WPS 
--p&fed-h w%il a very v io len t  stall  occurred a t  a l i f z  coeffLcient 

The m x i m x  acce lera t ion  factor 
The mxi;num eleva-io;- 

O f  1.01 and a Mach number of 0.67. 
reached was 7.5 at an angle of a t t ack  of 1g0. 
angle used was 11.5O up. The buffeting was apparently about the saxe 
on both s ides  of the t a i l  i n  t h i s  run. Eapid f luc tua t ions  of pretjslre 
of 300 t o  400 pounds per square foot  occurred at, the l e a l i z g  cdge of 
the  s t a b i l i z e r  during the  buffet ing.  Ttte maxircm recorced preemmes 
and unit span loads i n  t h i s  run a re  l i s t e d  i n  tha following tzb le :  

I M a x i m m  I Maximiun I 
I I recorded I un$t  ' 

surface 1 pressure / span  loall I 
1 ( lb /?q  f t )  I ( l b / f t )  1 

T a i l  i 
I ' _ I _ t _ _ _ _ ;  i 

Right s t a b i l i z e r  j 460 up 1 310 ul; 
I '  

Dwing t h i s  rlxn s t r u c t u r a l  f a i l -me  of the horizontal  t a i l  
occurred. Since the airplane w a s  operating withln mane mer ing  limits 
which were consldered safe  by design spec i f ica t ions  i n  use a t  the 
t i m e  the airplane w a s  designed, it i s  of i n t e r e s t  t o  exmine the 
nature of the t a i l  f a i l u r e  i n  r e l a t i o n  t o  the loads measured, and 
i n  r e l a t ion  t o  the necessi ty  f o r  rev is ion  of a i r  l o a d  reqiirements 
-and tke-mnner of specifying safe  maneuverability l i m i t s  t o  a p i l c t .  

The pr inc ipa l  failu-res were on the l e f t  si& of the t a i l ,  
although f a i l u r e  had a l s o  s t a r t e d  on the r i g h t  side. 
of the airplane with undamaged t a i l  i s  shown i n  f igure  16, and views 
of the  pr incipal  f a i l u r e s  a r e  presented i n  f igures  17 t o  23. 
l e f t  elevator had buckled downwa,rd a t  about the t h i r d  outboard row of 
o r i f i c e s  ( f i g s .  17, 18, and 19), cracking the e leva tor  s p s r  ( f i g  20). 
The elevator nose balance had been forced downvard severely enough 
t o  break the elevator  nose r i b  on each sride of the t a i l  j u s t  inside 
the  outboard hinge f i t t i n 6  The l e f t  s t a b i l i z e r  
r e a r  beam was cracked a t  the inboard hinge bracket, and t h s  two top 
bolts holding the bracket t o  the s t a b i l i z e r  r e a r  bean had been 
sheared completely ( f ig .  2 3 ) .  Other miscellaneous f a i l l i r e s  of 
various degrees of sever;.ty occurred t o  both the scab i l i ze r  and 
elevator  s t ruc ture  i n  the immediate v i c i n i t y  of a l l  the hinge brsckcts .  

A r e a r  view 

The 

( f i g s .  21 and 22). 
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d It i s  d i f f i c u l t  t o  accer ta in  a t  j u s t  what time i n  the pull-out 
t he  s t r u c t u r a l  failure occuryed. Its e f f e c t  was not noticeable 
u n t i l  a f t e r  steady s t r a i g h t  f l i g h t  had been re-establisl ied.  
was noticed t h a t  the longi tudinal  balance and s t a b i l f t y  chz rac t e r i s .  
t i c s  of the airplane had a l t e r ed .  Figure 13 shows t h a t  a sudden 
decrease of e leva tor  cont ro l  force occurred a t  5.3 seconds while the 
e leva tor  angle and n o m 1  accelerat ion cont,inued t o  r i s e ;  f igure  15 
shows a numerical decrease i n  the elevator  load curve a t  t h i s  point  
a l so .  
there  is  a sudden increase i n  elevator control  force and record-ed 
e leva tor  angle. It appears, however, t h a t  the e leva tor  cont ro l  a t  
6.2 seconds may have been applied lnadvertently as the  a i l e rons  were 
being def lected t o  counteract the roll-off occurring durin3 the stall .  
The lack  of e f f ec t  of the elevator  coritrol on the value of the 
acce lera t ion  f ac to r  of the  airplane was probably due t o  the s t a l l e d  
a t t i t u d e  of the wing. Tne increase of acce lera t ion  f a c t o r  a t  7.0 
seconds, as the e leva tor  cont ro l  force and e leva tor  angle were 
decreasing, w a s  -probably due t o  the re-establishment of noma1 flow 
over the wing, although tne poss ib i l i t y  t h a t  it w a s  caused by the 
buckling of the elevator  should not be completely discounted. 

Then it 

Again, a t  6.2 seconds, as the acce lera t ion  I s  decreasing, 

Figure 24 shows the loading conditions f o r  whjch the hcrizon%al 
t a i l  surface was designed. 
flight measurements ( f ig s .  5 ,  8, 11, and 14) shows t h a t  i n  many 
instances the unit loads ac tua l ly  measured on the s t a b i l i z e r  i n  
f l ight  were not only considerably i n  excess of the  deslgn :mit loads, 
but t h a t  they occurred i n  a d i rec t ion  opposite t o  the design loads. 
A t  the  leading edge of the elevator,  the design unit loads  were ns t  
exceeded i n  the pull-outs, a t  least not  a t  the partic1,lar spanwiss 
stations a t  which measurements were made. Ilowever, it w a s  t k s  
e leva tor  and a f i t t i n g  supporting the elevator  t h a t  f a i l e d  and n o t  
the  s t a b i l i z e r .  

Coqar'son of t h i s  f igure  with the ac tua l  

Inasmuch as the e leva tor  loads a t  the time of f a i l i a e  did not 
appear t o  have been i n  excess of those f o r  which the surface w a s  
designed, the reasons f o r  the f a l l u r e  of the e leva tor  m e  not 
e n t i r e l y  c lear .  
on a previous f l i g h t  (fig. 9) a t  l e a s t  st the spanwise loca t ion  a t  
which measilrements were made. 

Also, higher e levator  down loads had been encolinterod 

It i s  possible t h a t  fa t igue of the elevator  s t ruc ture  may have 
contr ibuted t o  the failurs of the ,?levator and s t a b i l i z e r  f i t t i n g ,  
inasmuch as many f l i g h t s  had been made during which thz airplane 
had been flown a t  high accelerat lons with severe buffet ing.  
also possible t h a t  the dynamic loads caused by buf fe t ing  may have 
been responsible for the elevator  f a i lu re .  

It is' 

N o  doubt the buffe'tj.ng 

. 
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loads caused much more severe s t r u c t u r a l  s t r a i n  than the same loads 
would have caused if applied unaer s t a t i c  conditions.  
pull.-oct, i n  wh!.ch the s t r u c t u r a l  f a 4 l w e  occurred ( f ig s .  13, 14, and 
151, the buffet lng w a s  more severe than i n  any pi*evious manewer. I n  
t h i s  pul l -out  an attempt had been made t o  insure absolutely t h a t  the 
maximam accelerat ion f ac to r  poscible t o  a t t a i n  had been o’stained. A 
strong p u l l  force w a s  exerted on the s t i c k  even a f t e r  heavy buffet ing 
had s e t  i n .  A s l f -ght ly  greater elevatol- angle was used than i n  the  
previocs pull-outs. It should be real ized,  too, t h a t  the loads which 
were measilred during the buffeting cisndition may ac tua l ly  have been 
somewhat grea te r  than those yecorded, dile t o  l a g  i n  ths  pressure l i n e s .  

I n  the last 

A minor, bxt perhaps not neglLgible, addi t iona l  load which may 
have contributed t o  the f a i l u r e  w a s  t h a t  caised bi- a bar weighing 
about 2.4 pounds per  f o o t  which extended along the leading edge of 
the elevator  beLwzen the two hlng:: bi-ackets. 131:s bar  was used as a 
mas5 balmco f o r  the eleva.tor. T?ie acce lera t ion  reached i n  the last  
run incroased the e f fec t ive  veight  of the bar  t o  aboEt 18 pounds per  
foot .  Under the b,?lamic condit’ons accompanying heavy buf fe t ing  
t h i s  weight may have added appreciably t o  the s t r e s ses  s e t  up i n  the 
nose s t ructure .  

From the nature of the records it is  apparent tha t  ku f f s t lng  
occurred even before the airylane vas completely s t a l l ed ,  and t h a t  
abrupt and large f luc tua t ions  i n  taSl load occui’rsd, with the up-load 
peaks considerably higher than tfio m a x i m u m  up-load before the buE’et-- 
ing set in. For example, i n  f igure 6, i n  which complete s ts l l  d id  
not occur, a change i n  u p l o a d  of 42 pounds per foot  occizred on 
the l e f t  t a i l  during an increase i n  acce lera t ion  f a c t o r  of 3.9, and 
durrng the time t h a t  no buffoting took place. 
buffet ing immediately following, peak loads grea te r  by 180 
Fer foot  were rsached, while the acce lera t ion  f ac to r  increased 
fu r the r  only 0.7. 
i n  downwash ovzr the t a i l  as the wing root  starts t@ stall .  

Hovevel-, during the 
pounds 

This ef fec t  i s  probably dLie t o  the abrupt decrease 

It would appear t h a t  the r e s u l t s  presented herein have 
indicated the need f o r  dosigning the  t a i l  s t ruc ture  t o  withstand 
the dynamic loads which may be imposed. 
apparent when the  changes i n  the speed-strength diagram of 8n airplane 
with changes i n  Mach number a re  considered. 
number on the speed-strength diagram f o r  power-off flight, as obtairizd 
from the t e s t s  reported herein and data  frcm fJtht.1- tssts, 
i s  shown i n  f igure  25. 
decrease i n  with Mach number has made it possible f o r  buffet- 
ing  from s t a l l  t o  take place a t  higher indicated airspeeds than  wodd 

This becones a l l  the more 

The e f f e c t  of Mach 

It i s  apparent f r o 3  t h i s  diagram t h a t  the 
C h  

t 



11 

be expected if the decrease i n  % with Mach number were neglscted. 
Also, due t o  Mach number effects ,  the buffet ing probably occurs a t  a 
d i f f e ren t  angle of a t t ack  on the t a i l  a t  high Mmh numbers than a t  
low Mach numbers. Due t o  the hi.gher aerodynamtc loads created by 
buffe t ing  at higher values of d,nnamic pressure, a c r i t i c a l  design 
condition now ex i s t8  a t  the lipper left-hznd corner of the speed- 
s t rength diagram a t  high Mach numbers t h a t  perhaps i s  not c r i t i c a l  
i n  speed-strength diagrams i n  which the upper iefL.hand corner i s  
reached a t  a re3.ative.l.y low value of IIach number. 
diagram i n  i t s  s ingle  foim, which f a i l s  t o  take i n t o  account changes 
i n  s ta l l  or  buf fe t  boundary with Mccn number, qqa ren tk7  no longer 
completely d e f i m s  t o  a p i l o t  the safe operating condition f o r  an 
airplane froni the s t r v c t w a l  standpoil-lt . 

The speed-strength 

C ONCLWING PXEWRKS 

With t5e t e s t  a i rplane operated within maneuverhg limits which 
were considered safe by design qwci f ica t ions  In  use a t  the time the 
airplane w a s  designed, un i t s  loads were measured on the s t a b i l i z e r  
which were not onljr considerably i n  excess of the design uni t  loe.ds, 
bu t  which occurred i n  a d i rec t ion  op:)osite t o  the dpsign loads. 

Although there  is no evidencs t ha t  ctesign loads on tne e leva tor  
were exceeded i n  the pulI--outs, failure of the e leva tor  and a f i t t ing 
supporting: the e leva tor  occurred. It appeai-s from datz obtained t h a t  
the  e leva tor  failure vas due t o  a basic cause not considerod i n  design 
specif icat ions,  nsmely, the  reduction of the l i f t  coef f ic ien t  for 
stall  at high values of Mach number, which allowed the airylane t o  be 
subJect t o  severe buf fe t ing  without exceeding the design load f a c t o r  
at  speeds higher than those computed on the a s s m p t i m  of a constant 
valne of the maximum lift coefficient.  The increased energy i n  the  
higher speed air stream, coupled with the f luc tua t ing  domwash from 
the  s t a l l e d  wing, may r e s u l t  i n  loads on the t a i l  surfaces i n  excess 
of the design s t a t i c  loads, and i n  dynamic s t r e s s e s  which may be 
c r i t i c a l ,  even though the airplane remains within ,its design speed 
and load f a c t o r  l i m i t s .  

Revision of the tail-load design rcquirements and of the manner 
Of specifying safe maneuverability l i m i t s  t o  p i l o t s  apycms necessary. 

h s  Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Moffett Field,  Calif. 
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( 0 )  Photographio print6 of acme of the reoonis 6hWng 
relative aIIouLlt of buffbting during tho run. 

Figure 4.- (Conoluded.) 
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(e) photographic prints of some of tb reoorda rhoring 
relative amount of hffeting during the rune 

m w e  7.- (O~oluded.) 
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( 0 )  Photographio prints of 8- of the reoords o h o w  
relative amount of buffeting during the run. 
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( 0 )  Photographio prints of lome of the reoords showing 
relative amount of buffeting during the run. 

figure 13.- Conoluded, 
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plgure 17.- Rear Vim showing danuged horizontal tail surihoos. 

” 

Figure 18.- Rear view of the Wokled left elevator. 



Figure 19.- Lower m n t  v i e w  of the hokled left elevator. 

Figure 20.- Detail of azaoked elevator spar, 



Figure 21.- Lower surfaoe of l e f t  elevator showing failure of 
elevator nose rib a t  left; outbcard hinge f l t t ing ,  

. 
figure 22.- Upper surfboe of right elevator showing failure of 

elevator nose rib a t  right outboard hinge f i t t ing .  



Figure 23.- Detail of oraoked s tabi l izer  rear spar at leff 
inbuard elevator hinge braokof. 
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